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c = Z0, . . . , Zn
-h
aO%^$> |Zi+1−Zi| ≤ 1
!"K$
i ∈ {0, . . . , n−
1} (H"   [|Zn − c| > λ√n] ≤ 2e−λ2/2 
 t w£ £rxs\z-wx\\£ u q^w%mou rxtk




λ = O(log t)
§  t rDz\_*z7morw\£i
YZ_*rxz_*] \§^Crxt\_t\_*_p\k(mor²\zor%©D_·mZw%m |Zi+1 − Zi| ≤ 1 § gjsqZ ut_Tsw£ um}iV®rD££ r%k(®zorD] moZ\_ko]rjrmoZt\_^kker
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_«\q_^lmQmoZw%m{wxuz {a, b} uvkQz_*\£vwxq*_^7¦ji(wxuz {a, c} §   b u k{skn_pu t w"®rD££ r%cu t\Lwu z9?;kowXi {d, b} Ar C1 mZ\_*t C ′ cu £ £{ZwX©D_ {a, c} u tknmo_^wDr {a, b} wt {d, c}u tknmo_pwxr {d, b} ¡lwtkor7rxt¬§{gju ]u£vwzq*rxtknmozsqmou rxtu k\z_^ko_*tTm_^ut : ;´§
_u tw£ £ i·B_)cu ££?t\_*_pmZ\_)®rx£ £ r%cut\




c1, c2 > 0
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HMhT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|(Zn)j − (µn)j | ≤ Knj−ε
  ^  
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2 < ρ < 1






 |µt − xt| ≤ Ctρ
  ^ 
  ½¬½	  °²_q£vwu ]/mZw%mcmZ\_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¡TZ\_*tq*_ |µ1 −x| = 1−x §°V_Kw£vknrZwX©x_ |µt+1 −x(t+1)| = |µt −xt+E [(1− Xtt )m]− (1−x)m|
§GYZ\_Klu9_*z_*tq*_
E [(1− Xtt )m]−
(1−x)m q*wt-¦N_¨z_*czumnmo_^t·wxk −mt (µt −xt)+ {E [(1− Xtt )m]− 1+mµtt − (1−x)m +1−mx}
§
U¨_*tq*_
|µt+1 − x(t + 1)| = |(1 − mt )(µt − xt) + {E [(1 − Xtt )m] − 1 +m
µt
t − (1 − x)m + 1 −mx}|
§
Y r-qrD]7£_*mo_emoZ\_zorjrt\rmu q*_)moZwm^¡\¦ji ?_*]]-w Cx¡
E [(1 − Xtt )m] − 1 +m
µt
t = (1 −
µt
t )






f(z) = (1 − z)m − 1 + mz kowmouvk}µ_pk |f(z1) − f(z2)| ≤ m|z1 − z2| ¡c®rxz
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Xt ∼ xt
  ^ 
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k*¡ju Γ(vt) ∩ P 6= ∅ moZ\_^t vtuvk]r%©x_p-mor
V \ S §Bb¨mZ\_*zcu ko_ vt uvkcwxl_^mor R u­ Γ(vt) ∩R = ∅ ¡lrmoZ_*zcu ko_ vt uvkcwx\\_^mor Pwxtw£ £¢©x_*zomouvq_pkut
Γ(vt) ∩ R
wxzo_e]r%©x_^mor
V \ S §
YZ_e_*«l_pq¤mwmou rxtk
πt = E (Pt)
wt
ρt = E (Rt)
kw%mouvkn®iQ
πt+1 = πt + E [(1 − Ptt )m] −E [(1 − Ptt − Rtt )m],













p = (1 − p)m − (1 − p− r)m.
 B¹       K[K  1
2 < ρ < 1






 |πt − pt| ≤ C1tρ
( |ρt − rt| ≤ C2tρ
  ^ 








|πt+1 − p(t+1)| = |πt − pt+E [(1− Ptt )m]− (1− p)m−{E [(1− Ptt + Rtt )m]− (1− p− r)m}|
§
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X2t ∼ (p+ r)t
0  ^ 
  ½¬½	  YZ_*rxz_*]l§WCu ]7£u _^kmoZwmmoZ\_7kns]
p+ r












m ≤ 7 wz_Kz_*Nrxzomo_pu tmoZ\_q*rx£ s\]t£vw¦N_*£ £_p αRup
rGY wx¦\£_[CD§
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E (Xt+1) = E (Xt) + E [(1 − Dt2mt )m],
E (Dt+1) = (1 +
1
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©D_*zomo_*«
v0
wxt S = {v0} §V=Émo_^z vt uvkBq*zo_pw%mo_p-wt-q*rxt\t_^q¤m_^7mr m t_*u xZj¦rDs\zk*¡D£_*m Z ¦N_mZ\_Kko_mrxwx££¢t_*u xZj¦rDs\zkr
vt
u t





















































t ≥ 1 ¡?cZ\_*t vt u kq*zo_pw%m_^mZ\_)\zorD¦w¦u£ u­m}i7mZw%mcum.Z\umkcwa©x_^znm_«-rl_*Dzo_^_
m+ i
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E (Y it+1 − Y it | Ed)
¦ji·mZ\__«l\z_^kknu rxtgQ
∑
C(h0, . . . , hd, 0, . . . , 0)
m!












n − d r(cZ\uvqZ±wxzo_V*_^zor¡cmoZ\_ kos\] uvkr%©D_*zwx££.NrDkknu ¦\£ _rDzl_^zo_p²mos\£_pkr©%w£ s\_^k
h0, . . . , hd
knsqZ moZwm ∑d
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kmyn−1 + (1 − yn2m −
kyn−1
2 )
m cZ\_^zo_ yi ¡N®rxz
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Xt ∼ xt
   ^ 
_rxz_pwxqZ
m ≤ 7 ©%w£ s\_^krx k ≤ 20 xu ©x_mZ\_·©%w£ s\_pkr x z_*Nrxzomo_p²ut Yw¦\£ _ZC·u tmoZ\_qrx£ s\]t£vw¦N_*£ £ _^
αCup
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i ∈ {0, . . . , h− 1} mu]_^k¦TirmoZ_*zcN_*z]wxt\_*tTm©D_*zomouvq_^k^§
._*®rxz_moZ\_cµzknmBknmo_*-rx9moZ\_¨wx£Drxzu­mZ\] mZ\_¨Dzwx\Zqrxtknuvk}mkQrx¢wkou t\x£ _©x_^znm_«
v0
































E (Rit+1) = E (R
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moZ\_xz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v0
wxt S = {v0} §>=cÉm_*z vt uvkcqz_^wmo_pwtqrDt\t\_pq¤mo_p·mr m t_*u xZj¦rDs\z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j>i j|Vj | ≥ d
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 " S -3[ h Y R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9"  Khh24 G = (V,E)   ! 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 S  TK Wh d  H" |S| ≥ ∑i>i0 |Vi|

  ½¬½	  
∆ = maxv∈V |Γ(v)|
¡TmoZ_*t-mZ\_Kko_m
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f(x, y) : IR → IR  HM3 H H!"T3NM3 2H<%<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d = d(m)
0RIi3B- 
f(m, d) = 1
]HMh 4D  ^  H"1










m = > ? @ A B C
d(m) D  >,BFEGH@ D  =IE6BJEI? D  =H@KEE= D  =J>6AJG6= D  ==IDF>LC D  DIGIECFB D  DJEGIE,B





1, 2, . . . , t
§ YZ\_
wxzoDs\]_*tTmu kwDk.®rx£ £r%kcQ
?Çu A ?_m S∗ = [s] = {1, ..., s} ¡j£ _m |S| = s ¡\moZ\_^t
 
(S dom. S) ≤   (S∗ dom. S∗) §
?ÇuuA0_\rDz







(S∗ dom. S∗) = O(ct) §
YZ_cµzk}m{]rD]7_^tTm{]_moZrju ]\£ u_pkQmZw%mBw§ w§ k^§ moZ\_^zo_uvkQtrlrx]u tw%mut\akn_*m S r¬kou^_¨w%mB]7rTk}m dt §











1/((t− 1)!)m §D?QPG_*zomo_*« v0 ZwDk m £rjrDkhA§
+eu ©x_^tw·wzomoumou rxt
(S,S) r [t] cu­mZ |S| = s ¡9£ _m u ¦N_(mZ\_kn]-w£ £ _^knmK_*£ _*]_^tDm u = vi ∈ S knsqZmZw%m{moZ\_Kt\_«jm{©D_*zomo_«
v = vi+1 ∈ S
u t-mZ\_twmos\zw£rxzl_*zut








(S ′,S ′) cZ\_*z_ S ′ = S − v + u,S ′ = S − u+ v §G°V_\zr%©x_mZw%m
 
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°²_lrmZ\uvkK¦ji~koZ\r%cu t\-moZw%m)®rxze_*©D_*ziDzwx\Z
G ∈ {S dom. S} ®rxzecZ\uvqZ~moZ_kowl_pk}mzor%ilkmZ\_lrD]7u twxtq_)\zrxN_*zom}ix¡ju _x§
G 6∈ {S ′ dom. S ′} ? G uvkcxrjrl·¦slmxrj_^k¦wxrxtLknw\utAQmoZ\_^zo_uvkw~s\tuTs\_¦wx xzw\Z
H = H(G)
?
H 6∈ {S dom. S} AcZu qZ ¦_pqrx]_pk(DrTrl rDt ko.wx\\u t\?






Zwxk ¦_^_*tawD\l_p¢§?_m S ¦N_.moZ\_luvk}mut\Ds\uvknZ\_p(ko_mp§*¬_*m  ~l_*trmo_BmoZ_.kos\¦ko_mr G cZ\uvqZ(uvkxrjrl®rDzc¦rxmoZ S wt S ′ ?Çu_D§   = {G : S dom. S} ∩ {G : S ′ dom. S ′} A.wt"kou]u £ wxzo£ i  ,   ,  Q¡kor-mZw%m  u k¨moZ\_7kn_*m¨rQDzwx\ZkccZu qZwxzo_(xrjrl®rxz
S
¦slmetrm S ′ _*mq§KYZTsk   ,   ,   ,  uvkw(wzomoumou rxt·rx
G
§G°V_)l_µt\_O?®¦N_*£ r%$A{warxt\_*¥=rDt\_¨]-wx
φ : G → G kosqZ·mZw%m φ(   ) ⊆  .§  m®rD££ r%kBmoZwm
|{G : S dom. S}| = |    | + |   |
= |    | + |φ(   )|


















(x) ∩ [v + 1, ..., n] wt o(x) = rDslm (x) = rxslm (x) ∩ [1, ..., v] §?_m
i′(u) = i(v), i′(v) = i(u)
§
 ]"4 41T  ( 3
(v, u)
 ?_m























_^lD_^k¦N_ {ek, k ∈ K} cZ\_*z_ K ut\_«l_^kmZ\_*u zrlq^qs\zzo_^tq_pk.ut
(e1, ..., em)
§ ¬_*m {fk} ¦N_)moZ\_)rDslmn¥´_^lD_^krx u cumoZmoZ\_kw]_)u tl_«kn_*m^§?_m
o′(u) = o(v) − {ek} + {fk}
¡\£ _m








































































































= exp(1 + o(1)) dt
∫ 1
d x













x−2 log (1 − (1 − x)m) dx < 1.
2
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f(x, y) : IR → IR  HM3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d = d(m)
0RIi3B- 
f(m, d) = 1
]HMh 4D  ^  H"1










m = > ? @ A B C
d(m) D  =C ?KC G D  =DIDIGIE D  DC<DIGIG D  DA @I@L? D  DH@K?IG6= D  DI?6BIBJ? D  DJ?6=J?6D






























































wzomouvw£?wu zou t\ L u k¨moZ_awxznmu wx£?wxuzu t\·rxt 1, ..., k ¡mZ\_(zu xZTmKwxznmu wx£?wxuzu t\ R uvkmZ\_7wzomouvw£wu zou t\7rxt
k + 1, ..., 2n
¦NrmZrxcZu qZ]-wXi·ZwX©x_)korx]_qrx]\£ _m_^_^lD_^k^§>=¯®s\znmZ\_*z¨]wmqZ\u t\
rx s\twu zo_pNrxu tTmkc¦N_m}._*_^tmZ\_wxznmu wx£¢wu zou t\Tk.q*rx]\£ _m_^k P §{gj_^_:Ñ<;?®rxzc]rxz_l_mwu £;§
=Kk7sknsw£c£ _m






























































2(k + 1) + s+ a1 + a2u tmoZ_·£u t\_pwzrDzl_^z^§  moZ\_^zo_u k(t\r~_^\x_
(v, u)
£ _m(mZ\_
(k − 1) ¥=moZ zuDZTm_*tlNrxu tTm(ZwX©D_-£ wx¦_^£













































2n− (2(k + 1) + s+ a1 + a2)
s+ a1 + a2
)





FL = (2k + s− 1)(2k + s− 2)(2k + s− 3)
(
2k + s− 4
s
)




FL = (2k + s− 2)(2k + s− 3)(a1 + 1)
(
2k + s− 4
s
)
Φ(2(k − 2)). ?I5A
YZ_µzknmm}.rmo_*z]-krxtmZ\_·zuDZTmwxzo_®rDz









































S′ = S + u − v ? S′ \rT_pkt\rxmalrD]7u twmo_ S′ A¤§bKs\z(wx\\zrDwDqZVuvkmr~wzomoumou rxt   u tDmrko_mk CcZu qZZwX©x_emZ\_\zrxN_*zom}i  
(C) ≤   (φ(C)) §  tzo_^wzw%murDt·®rxzmZ\uvkcB_)t\rxmo_RQ
?_m
σ = dn/ logne ¡\£_*m




















x ≥ σ B_-ko_*_7moZw%m   (BI) = O(log n/n) wtmoZwm   (BII) = O(log6 n/n) §Y r7mwx¶x_wxl©%wxtDmwD_Krx?moZu k^¡\._etrmo_)mZw%m
 
(S dom. S) ≤   (S ∪ [σ] dom. S \ [σ]).
YZjsk._)t\_*_prxt\£ iqrDtkou l_^zknwkBrDt





Au = {G ∈
 
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£ _m
Bu =
  ∩ (BI ∪ BII),
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G(a1, a2) = {G(α1 − I, α2 + I) : I ⊆ α1}.
YZjsk
G(a1, a2) = {G(α1, α2), ..., G(a1, a2), ..., G(∅, α1 + α2)}
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G(a1, a2) ⊆ A
§
?®u uuA  
G(a, b), G(a′, b′)
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G(a1, a2) ∈ A
mZ\_*t

























α1 = a1 + β2
¡kor



































(G(b1, b2)) = c(b1 + 1),
 
(G(b2, b1)) = c(b2 + 1).
=Kk
G(α1, α2) = {G(α1, α2), ..., G(α1 − I, α2 + I), ..., G(∅, α1 + α2)}
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(α2 + α1 − j + 1)
= c
(








(G(α1, α2)) = cα22
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GC = {GC,mt }
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(v1, ..., vt−1)) =
2m(t− 1)
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y = 0.374509x− 0.214185 ®rDzmZ\_zwtlrD]xzwZq^wxko_x¡wxt
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